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Introduction
Water and plasma are forced from the capillaries into the interstitial fluid. This
fluid is useful as it moves materials between cells. Most of this fluid is collected in the
capillaries of a secondary circulatory system, the lymphatic system. The first function of
such a system is returning the excess blood plasma, now known as lymph, that has
accumulated in the tissue spaces. Lymph flows from small lymph capillaries into lymph
vessels that are similar to veins in having valves that prevent backflow. Lymph vessels
connect to lymph nodes, lymph organs, or to the cardiovascular system at the thoracic
duct and the right lymphatic duct. The lymph nodes are lined with immune cells and
therefore the lymphatic system is a huge regulator of pathogens.
Flow in the lymphatic system is primarily passive as normal body movements
squeeze the lymph vessels. In addition to this passive movement, certain classes such as
Amphibia, Reptilia, and Aves have also developed small lymphatic hearts (LH) that
actively pump the lymph. Amphibians in particular have developed an extensive system
oflymphatic hearts, originally perhaps because of their permeable skin that allows
external water to flood the body tissue spaces by osmosis. Some amphibians have as
many as 200 LH, arranged along both sides of the body wall near the lateral line system
along the trunk and tail (Marcus, 1908). Xenopus tadpoles, the amphibians used for this
research, are known to have two sets ofLH (Nieuwkoop and Faber, 1975).

One ofthe controversies oflymphatic hearts revolved around determining the
muscle type present. There are three types ofvertebrate muscle-skeletal, smooth, and
cardiac. Previous studies have remained inconclusive about the type ofmuscle in
lymphatic hearts because they share characteristics ofeach type. A summary offiber

characteristics reported thus far for lymph hearts of Xenopus reveals a mixture of cardiac
and skeletal muscle features. Many researchers such as Satoh and Nitatori (1980) and
Greber and Schipp (1990) have concluded that lymphatic heart muscle is a type of
modified skeletal muscle. However, many of the modifications are characteristics
common to cardiac muscle. For example, lymphatic heart muscle cells lack intercalated
disks, are multinucleated with peripheral nuclei in adults, and have satellite cells and
motor end plate junctions, all characteristics of skeletal muscle (Rumyantsev and Krylova
1989). On the other hand, lymphatic heart muscle cells are usually small, branched, and
have secretory dense core vesicles as do cardiac muscle cells (Schipp and Flindt 1968).
Two additional features do not fit into either category; the cells are ciliated (Greber and
Schipp 1990) and they have super-contracted sarcomeres that shorten to one-tenth of their
normal length (Greber and Schipp 1990; Satoh and Nitatori 1980).
In addition to these structural characteristics, physiological characteristics have
also failed to place the lymphatic hearts in a single category. They contract rhythmically
like a blood heart, though they do not beat in synchrony with the blood heart. Contraction
of cardiac muscle is myogenic and skeletal muscle contraction is neurogenic; the
contraction of lymphatic heart muscle is neither of these two. The rate of LH contractions
is regulated by spinal nerves in intact animals, as is the blood heart (Kampmeier 1969).
When the LH is removed from the animal or if the spinal cord is destroyed, they stop
beating. Oddly enough however, they can resume beating myogenically after a period of
several days (Reid 1937).
Although much research has looked at the structural and physiological
characteristics of lymphatic heart muscle in an attempt to categorize it, little has been

done in terms of molecular markers of fiber type. In muscle cells, the major contractile
protein is myosin, and in general different muscle types express different isoforms of
myosin. Myosin is the engine of the muscle cell and is one of the major reasons for the
specific rate of contraction. The myosin protein is usually a hexamer of two copies of the
product of three genes: myosin heavy chain, myosin light chain one, and myosin light
chain two. Myosin heavy chains are both globular and fibrous. The globular head
encodes the ATPase amino terminal end and the long, alpha helical coiled tail is encoded
in the carboxyl terminus. It is believed that each different type of muscle cells expresses a
different myosin heavy chain (Radice et al., 1989). Therefore, DNA analysis of this
myosin heavy chain can also be performed to further classify the muscle type. If the
muscle type is unique, the myosin heavy chain should not be found in other muscle cells.
This approach was previously performed with embryonic lymphatic heart muscle.
The lymphatic heart muscle was extracted from Xenopus tadpoles and techniques
performed to extract the RNA. This RNA was used to produce cDNA that was then used
in PCR. The PCR reaction for the embryonic muscle myosin produced many clones,
though after sequencing only one appeared to be myosin. This myosin closely matched
the sequence of cardiac muscle myosins. It was found to be 98% identical to the cardiac
myosin.

Methods
An approximately 800 base pair section of the myosin heavy chain gene was
selected to identify based on its differences among different muscle types, and
conservation among the same muscle type.
Previous extraction and PCR of the adult lymphatic heart produced six clones,
numbered simply 1 through 6. The primers used to create these clones are as follows:
The primer sequences used for the original PCR reaction are as follows:
TATGGCAGAGGAGCTGAAGAAGGAGCAGGA
or
CGCAAGGTGCAGCACGAGCTGGA
All clones were ligated into the pGEM-T Easy Vector (Promega, Inc.) (Figure 1).
To increase the DNA concentrations of these clones, mini preps and maxi-preps were
performed and the results run on an agarose gel. The clones that were successful grown
up were numbers 1, 3, and 4 and they each had a DNA concentration of approximately
100 ug/ul. The protocol followed for the preparations was(insert protocol here). These
clones were then sequenced. After first running the sequencing reaction and gel several
times and receiving slightly unclear sequence, a purification of the DNA was done using
an Ammonium Acetate precipitation reaction. A 7.5M solution of ammonium acetate was
made by adding 57.81g per 100ml solution. This was dissolved well. 2.5 volumes or
100ul of the Ammonium Acetate was added to the DNA. This was allowed to sit at room
temperature for a half hour. Then the tubes were centrifuged at top speed for 15 minutes.
The supernatant was removed, being careful not to disturb the pellet. To the pellet, 600ul
of 100% ethanol was added. This was vortexed to completely purify the pellet. Then the

tubes were centrifuged again for 5 minutes. The supernatant was removed carefully. The
DNA was stored in 110ul of EPC treated water and the pellet was re-suspended.
After purification, the clones were once again run through a sequencing reaction
using reagents for fluorescent dideoxy sequencing from SequiTherm EXCEL II Labeled
Primer Sequencing. This reaction seemed to produce a readable sequence only when the
DNA concentration was at its highest. Therefore, the optimal condition was using 7 µl of
DNA, 1.5 µl primer ( either SP6 or T7 which are the forward and reverse primers(Figure
1 )), 7.2 µI buffer, 1.0 µI polymerase and 3 µI water. The control used for this was
already at a higher DNA concentration so only 3 µl of DNA and 7 µl of water were used
for this reaction. These components were added and mixed in a PCR tube. The water was
added last and the components mixed by pipetting the reaction up and down several
times. A set of four 0.2ml tubes was labeled with A, T, G, and C for each clone as well as
the control. 2.0 µl of the A mix was added to the A tube, 2.0 µl of the T mix added to the
T tube, and so on. In addition to this, 4 µl of the reaction mixture containing the DNA
was added to its respective A, T, G, and C tube. Therefore, each PCR tube contained 4 µl
of the DNA mix with its specific clone, and 2 µ1 of either A, T, G, or C mix. There was a
total of 16 tubes for each cycle, 32 tubes to do forward and reverse reactions. The tubes
were placed in the thermal cycler and run based on the following cycles.

T7:
95 ° C for 2.5 minutes
95 °C for 30 seconds
48 ° C for 30 seconds
70 ° C for 30 seconds
Steps 2 through 4 were repeated for a total of 30 cycles and then held at

4°c.

SP6:
95 ° C for 2.5 minutes
95 ° C for 30 seconds
48 ° C for 30 seconds
70 ° C for 30 seconds
Steps 2 through 4 were repeated for a total of 30 cycles and then held at 4° C.

After the completion of the cycle, 3 µl of the stop solution was added to each
tube. The next step was to make the sequencing gel. The sequencing gel was made by
adding all necessary ingredients following protocol except the Terned which was to be
added later. The mixture was allowed to dissolve by mixing for 10 minutes.
While mixing, the glasses were prepared. The large glass sequencing plates were
cleaned with soap and water with the beveled edge facing up. They were allowed to dry
and then cleaned again using 95% EtOH being sure the surface was streak-free. The
white strips were wet slightly and placed in between the plates with careful attention to
them touching at the end of the plate. The railroad were placed around the glass plates
and tightened, with the knobs being progressively tighter as approaching the bottom of
the plates. 30ul of Terned was then added to the dissolved mixture. This was mixed well
and the gel was poured slowly onto the slanted plate, tapping softly on the plate while
pouring to get rid of bubbles. When poured all the way to the bottom, the plate was un
slanted and tightened everywhere. More gel was poured into the top and the blue rack to
make the loading area was inserted into the still liquid gel. The final railroad was inserted
at the top and the gel allowed to harden for 1.5 hours.
After fully hardened, the blue piece was removed and the gel comb inserted after
carefully removing an excess gel that had accumulated in the well. The plates were also
cleaned again to remove any streaks that may have accumulated. Any lanes that had

bubbles in them were not used. The gel was placed into the machine and set up properly
with buffer. It was then left to heat to approximately 50° C which took approximately 2
hours. Before the samples could be loaded into the gel, they had to be denatured at 92 ° C
for 3 minutes. After denatured they were loaded into the gel in the ATGC order. The
scanner and voltage were then turned on and the machine allowed to run. Approximately
45 minutes into the reaction the picture taken from the scanner was deleted so as to store
up more sequence room when the sample actually reached this place in the gel. This
reaction was performed 4 times with the samples to receive usable sequence. The dates
of the runs were 2/9/04, 2/14/04, 2/17/04, and 3/31/04.

Results

The first run proved to not have high enough DNA concentration for the computer
program to read the sequence. We could however see the overall outline of the sequence
so we knew that the main problem rested only in the concentration. The second, third,
and fourth gel runs were the ones used to determine the sequence. The control only
showed up on the last gel in which the E3 plasmid was used. The original control most
likely did not match the T7 and SP6 primers. Although the SP6 runs did produce some
markings on the gel, they did not have enough depth or consistency to produce any
readable sequence that was worth further analysis. The T7 primer was able to produce
readable sequence, though only in the 3 and 4 clones.

To correct any errors in the sequence, the 3 clone sequence from one trial was run
against a 3 clone sequence from another trial. Therefore, ifthere was a discrepancy in
one, it was likely to be cleared up by the other. This was also done for the 4 clone
sequence. Normally a reverse complement is used to compare the forward primer
sequence to the reverse primer sequence. However, due to the lack of both primers
working properly we could only align those of the same direction. The programs used for
these alignments were the BasellmgIR to actually view the gel and the original sequence,
and the AlignR program to perform the alignments. The sequences found are as follows
for the clones:

>3t7 104 bp
ACATGGAGCAGGGAATTCGAGTATGAGCAGAGGAGACTGAAGAAGGAGACA
GGAGAGACAGGACACACAGTGCTCACGGAGAGGAAGAAGAAGAACCTTAAG
CA
>4t7 262 bp
GGCGAGATGGTACTTCTGTGTCGTCATGGTGCTGTGTGGAATTCGATTATGAG
AAGAGGTAGCATGAAGGAAGTAGCAGGACTACCAGTGCATTAGTAACAGAA
TGAAGAAGAACCTAGAGCAGAATGTGAAGTACTCGTGTATAAATCTTCTAGG
ATGATATATGCTTGAGACATACTAAGTCATACTGAGAGGCGTGGCGAACGCA
TAGCACGTTCCAGAATCTGGAATCCTAGAATACTGGGAATCTTAGAATGATG
TT
A BLAST search, which is a comparison of our sequence to a nucleotide sequence
database, was perfom1ed. Based solely on this data, neither clone appears to encode
myosins. The alignments from the BLAST search are attached.

Discussion

Of the six clones that we began with, two produced readable sequence.
Unfortunately, only the one direction of each of these clones worked. The SP6 primer did
not produce any readable sequence though the faint markings in the gels did imply that
the reaction in general was working so the temperature should not need to be altered in
the PCR reaction. It appeared that the C mix in the reaction that used SP6 prim�rs was the
one causing the problem. Readable sequence was produced in the A, T, and G lanes but
this was not enough for the computer to create a full sequence. The way the program
works is that it does not allow for gaps where there may have been the missing C, it
simply continues with the sequence. Another consistent problem was difficulties with the
gel. Even when the original sequencing reaction is done correctly with the right
concentrations, other problems can arise. Bubbles, excess gel in the loading well, or too
little buffer can substantially affect the gel. Also, if there is any kind of electrical short or
loss of contact between voltage connections during the run, the gel will be cut short and
minimal sequence will be obtained.
After first glance at the sequences retrieved, it appeared that they were not
myosins. This was determined by comparing them against the NCBI database of gene
sequences from frogs and other organisms. However, after further analysis it appears that
this may not be the case. The 3' end of the cDNA contains the translation stop codon.
Therefore, although there will be more sequence after this point, this sequence will not be
conserved due to the fact that it is untranslated sequence. The non-coding region at the 3'
end is usually between 150 to 200 nucleotides. The non-coding region can even be larger

than this however. This non-coding region could possibly account for the entirety of the 3
and 4 clone sequences.
To further explain this fact, I will use the cardiac myosin sequence previously found in
clones isolated from tadpoles.
ATG GTC GAC CTG CAG GCG GCC GCG AAT TCA CTA GTG ATT CGC AAG
GTG CAG CAC
GAG CTN GAT GAG GCT GAA GAA AGG GCA GAT ATT GCC GAG TCC CAG
GTCAAC AAG
ATA AGA GCC AAA ACC CGG GAT GTG GGA GGC AAG AAG ACA CTC CAT
GAG GAAGAG
TAG AAA TCA TAG (stop)
ACCCGCAGAAGCACAACATGGATGCCTAAATTGTACATAACCTGTTAATCAG
CATCAAATAAAACATGACCATAAAATTCAGCACTG
The sequence before the stop codon is the sequence that identified this sequence
as a cardiac myosin. The sequence after the codon is not made into proteins and not
conserved among myosins. My proposal is that the sequence from clones 3 and 4 are not
from myosins at all, or they are from this region of the DNA after the stop codon.
Therefore, it appears to be very important to determine the sequence from the SP6 end of
the clones. The problem with the SP6 primer can most likely be amended with more
repetition of the gels. Also, the concentrations of the primer mixes should be re-checked
to ensure that it is high enough to react in the PCR reaction. The primer mixes may need
to be replaced or a new primer designed that will match with this end of the clone.
Primers need to be chosen very carefully due to their ability to anneal to sequence that is
not of interest or even to anneal to each other. Also, even if these two clones prove to not
be myosins, it is possible that clone 1, 2, 5, or 6 may be. Therefore, these clones should
also be sequenced. Once a myosin is positively identified and found to be cardiac,
skeletal, or unique, in situ hybridization needs to be performed to ensure that the

sequence is actually from the lymphatic heart of the adult Xenopus and not from any
other part of its anatomy.
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Figure 1. The clones were inserted into the pGEM-T Easy Vector and sequenced using
both the SP6 and T7 primers.
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Oryza sativa chromosome 12,
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Library) complete sequence
Length = 186968
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I II I I 111111111111111

Homo sapiens (subclone 3 f4 from Pl H22) DNJ
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sbjct: 1319
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1111111111111111 I I I I
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Strand = Plus/ Minus
Query: 211
Ebjct: 59809

gcacgttccagaatctggaa230

11 111111111111111 I 11

gcacgttccagaatctggaa 59790

n>gil19
9 09489jgbjAC098882.3I
Length = 223130

&J

MUS

musculus EAC clone RP23-122D13 from12, complE

Score = 38.2 bits (19), Expect = 8.2
Identities = 22/23 9
( 5%)
Strand = Plus/ Minus
Ouery: 105

tgaagaagaacctagagcagaat127

11111111111111111 11111

Bbjct: 58121 tgaagaagaacctagagaagaat 58099

n>gij14619SjgbjJ01619.ljECOGLTA
complete sequence
Length = 13063

ID

sdhCDAB operon and
e
Eschericia coli gltA gen,

f

Score = 38.2 bits 1
( 9), Expect = 8.2
Identities = 19/19 (100%)
Strand = Plus/ Plus
Ouery: 207

catagcacgttccagaatc 225

1111111111111111111

Bbjct: 1715 catagcacgttccagaatc1733

r >g_:U_2_4-osos:1,_2.J gb I AE015 088. 11

Shigella flexneri 2a str.

301 section 51 of 412 oft

RID:ccl082728266-2911-78896586704.BLASTQ3, 4t7 262 bp
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genome
Length = 9857
�core = 38.2 bits (19), Expect
µctentities = 19/19 {100%)
strand= Plus / Minus
(iuery: 207

8.2

catagcacgttccagaatc 225

I I I I 111111111111111

$)jct: 9008 catagcacgttccagaatc 8990

I >gi J 3__()04034JUg1JJA_E:016980__._Jj_ El

Shigella flexneri 2a str. 2457T section 3 of 16 o1

Length = 290029

Score = 38.2 bits {19), Expect
Identities = 19/19 (100%)
Strand = Plus/ Minus
Query: 207

8.2

catagcacgttccagaatc 225

1111111111111111111

�bjct: 17124 catagcacgttccagaatc 17106

r >gi/ :29788798 /gb/AC090943. 3 /
Length = 162949

m

Homo sapiens chromosome 3 clone RPll-22O15 map 3p,
8.2

Score = 38.2 bits (19), Expect
Identities = 19/19 {100%)
Strand = Plus / Plus
Query: 215

gttccagaatctggaatcc 233
11111111111111 II I I I
Sbjct: 54700 gttccagaatctggaatcc 54718

r >g,:i/ 133599p5 jdbjJAP()Q255:2. 1 [ liJ
Length = 262278

Score = 38.2 bits {19), Expect
Identities = 19/19 {100%)
Strand = Plus / Plus

Escherichia coli 0157 :H7 DNA, complete genome,

SE

8.2

0uery: 207

catagcacgttccagaatc 225
1111111111111111111
$bjct: 253283 catagcacgttccagaatc 253301

r ::.giJ:21358689lg!2_[_AGQ�_],,209�_

m

Drosophila melanogaster 3L BAC RP98-3G6 (Roswell I
Drosophila BAC Library) complete sequence
Length == 194979

Page 3 of 6

RID"' 1082728266-2911-78896586704.BLASTQJ, 4t7 262 bp

score = 38.2 bits (19), Expect = 8.2
Identities = 19/19 (100%)
strand = Plus/ Plus
buery: 115

cctagagcagaatgtgaag 133

Sbjct: 13757 2

cctagagcagaatgtgaag137590

I I I I I l I l I I I Ill I I I I I

ID

LJ>gil21629389jgblAC109582.2I
Length = 1668 2 1

Homo sapiens chromosome3 clone RPll-175B2 2, comp:

Score = 38.2 bits (19), Expect
Identities = 22/23 (95%)
Strand = Plus/ Minus

8.2

aagtagcaggactaccagtgcat93

Query: 71
Sbjct: 15659

111111111 I 11111 1111111

aagtagcaggactacaagtgcat15637

r >gi I 21450415 I gbI AC1048)� ID Mus Muscul us Strain C57BL6/J C
Length = 215113

Score = 38.2 bits (19), Expect
Identities = 19/19 (100%)
Strand = Plus/ Minus
Query: 221

hromosome15

RP23-2�

8.2

gaatctggaatcctagaat239

1111111111111111111

8bjct: 116190 gaatctggaatcctagaat116172

r >gj_L2J397180 I gb I AC010071.6

IJ

I
Drosophila melanogaster3L BAC RP9B-18Gl6 (Roswel:
Drosophila BAC Library) complete sequence
Length = 172540

Score = 38.2 bits 1
( 9), Expect = 8.2
Identities = 19/19 (100%)
Strand = Plus/ Minus
0uery: 115

cctagagcagaatgtgaag133

Sbjct: 118973

cctagagcagaatgtgaag118955

l I I ll I I I I I I l I I l l I I I

r>gil23494433ldbj IAP005223.ll
Length = 302070

DJ

C orynebacterium efficiens YS-314 DNA,

Score = 38.2 bits (19), Expect = 8.2

complete gE

RID==1082728266-2911-78896586704.BLASTQ3, 4t7 262 hp
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Identities = 19/19 (100%)
strand = Plus / Plus
Juery: 215

gttccagaatctggaatcc 233

111l111111111111111

sbjct: 250438 gttccagaatctggaatcc 250456

&J

r>gil22324979igblAC087061.22I
sequence
Length= 202764

Mus musculus chromosome 1 clone rp23-140e19 stra:

Score= 38.2 bits (19), Expect= 8.2
Identities= 22/23 (95%)
Strand= Plus/ Minus
Query: 222

aatctggaatcctagaatactgg 244

I I I 111111111111111 1111

ISbjct: 184127 aatctggaatcctagaatcctgg 184105

IJ

r>9.4,J26106912lgbjAE016757.ll
Length= 300413
Score= 38.2 bits (19), Expect
Identities= 19/19 (100%)
Strand= Plus/ Plus

I
I

Query: 207

Escherichia coli CFT073 section 3 of 18 of the cor
8.2

catagcacgttccagaatc 22 5

I I I I 111111111111111

'Sbjct: 179028 catagcacgttccagaatc 179046

n>gil247}6749]gblAC091291.2I
Length= 184579

DJ

Homo sapiens chromosome 3 clone RP11-654Al8 map 3I

Score= 38.2 bits (19), Expect= 8.2
Identities= 19/19 (100%)
Strand= Plus/ Plus
Query: 215

gttccagaatctggaatcc 233

1111111111111111111

Sbjct: 12223 gttccagaatctggaatcc 12241

2_�71.gQ_JAC099667 .21
r >9ij----lSJ5t_QLengt
h= 203844
S core == 38 2 bits (19), Expect
23 <95%)
Identities == 22 1
Plus
Strand= Plus/

Ii] Homo sapiens chromosome 3 clone RP11-894Jl4, comp:
8.2
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RJD==1082728266-2911-78896586704.BLASTQ3, 4t7 262 bp

Query: 71
Sbjct: 198181

aagtagcaggactaccagtgcat 93

111111111111111 1111111

aagtagcaggactacaagtgcat198203

0 >giJ174264O3JgbIAC093S90. 2 I_
Length = 126965

m

Homo sapiens BAC clone RP11-47Gl4

from 2,

complete

Score = 38.2 bits (19), Expect = 8.2
Identities = 22/23 (95%)
Strand = Plus/ M inus
Query: 218
Sbjct: 47782

ccagaatctggaatcctagaata 240

111111111111111 1111111

ccagaatctggaatcttagaata 47760

ll&J

D>gil14141220lemb!AL137018.9j
Human DNA sequence from clone RP11-133M9
R related orphan
R C ontains the3' end of the RORB gene for A
receptor B protein, complete sequence
Length = 157168
8.2

Score = 38.2 bits (19), Expect
Identities = 19/19 (100%)
Strand = Plus/ Plus
Query: 139
Sbjct: 139268

gtgtataaatcttctagga157

1111111 I 11111111111

gtgtataaatcttctagga139286

0>gi\46309677\gb\AC117184.3\
Length = 187341

&J

Sbjct: 84575

Mus musculus chromosome7

clone RP23-37Ll0, comple

8.2

Score = 38.2 bits (19), Expect
Identities = 19/19 (100%)
Strand = Plus/ P lus
Query: 224

on ch1

tctggaatcctagaatact242

111 I 111111111111111

tctggaatcctagaatact84593

L>gil17149386\g�IAC093309.2I
Length = 169422
Score = 38.2 bits (19), Expect
( 00%)
Identities = 19/19 1
Strand = Plus/ M inus

DI

Homo sapiens chromosome5

clone RP11-97P23, comple

8.2

http://www.ncbi.nih.gov/BLAST/Blast.cgi

4/23/2004

ijD===1082728266-2911-78896586704.BLASTQ3, 4t7 262 bp

Query: 49
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atgagaagaggtagcatga 67

I I I I 111111111111111

sbjct: 10108 atgagaagaggtagcatga 10090

http://www.ncbi.nih.gov/BLAST/Blast.cgi

4/23/2004

